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Abstract
Two efficient routes to previously unknown 2-substituted borabenzene
ligand adducts are described. The complexation of the ortho-substituted
borabenzenes to chromium tricarbonyl is reported. Ligand substitution
reactions at boron are described for borabenzenes bound and unbound to
chromium. X-ray crystal structures for THF-borabenzene chromium
tricarbonyl and for an imine-borabenzene chromium tricarbonyl are
presented.
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4Introduction
Lewis acids catalyze a wide array of powerful carbon-carbon bond-forming
reactions, including the Diels-Alder, Mukaiyama aldol, Sakurai, and ene
reactions. 1,2 The growing need for optically active compounds has spurred
the development of new asymmetric methodology. 3 '4 Despite significant
advances, the discovery of a single chiral Lewis acid that functions as a
general reagent for asymmetric catalysis remains elusive.5-7
Our goal is to develop a versatile chiral Lewis acid. The key design feature
of our catalyst, "-activation," involves the overlap of a filled it orbital of a
substrate with an empty orbital of the same symmetry on the Lewis acid
(Figure 1, "t-activation" illustrated for the case of an aldehyde). In addition to
this, the lone pair of the carbonyl is in an sp 2 -type orbital, and this may
overlap with the empty a-symmetry orbital on the boron. Both the
complexation through the sp2-type orbital and the -it interaction would
serve to increase the electrophilicity of the carbonyl carbon.
Figure 1
Borabenzene (Figure 2) has the necessary orbitals for i activation. 8 -10
Although borabenzene is unknown in the free state, its adducts with various
Lewis bases have been synthesized.11 1l2
empty sp2 orbital filled n orbital
O-.C)R complexation 1 ~%j ' HO =C H---H"o " 0 0
empty p orbital filled sp2 orbital 7t activation
* Upon complexation, the empty p-type orbital of the Lewis acid
activates the r system of the substrate toward nucleophilic attack.
· The reactive conformation of the substrate-(Lewis acid) complex
is well-defined (parallel p-type orbitals).
Figure 2
Borabenzene
The previously described It-activation is the first defining feature of our
catalyst design. Because it-activation involves conjugation between a
carbonyl and the rt system of a borabenzene system, rotamers in which the
carbon and oxygen of the carbonyl are coplanar with the borabenzene should
be more reactive than other rotamers. Four rotational isomers meet this
constraint (Figure 3).
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It is well established that Lewis acids prefer to bind syn to an aldehyde
hydrogen for steric reasons, 13 -15 making rotamers C and D disfavored. With
an ortho substituent on the borabenzene, rotamer A is disfavored relative to
B due to a steric interaction between the ortho substituent on R' and the
hydrogen of the aldehyde.16
In order to make this Lewis acid chiral, the borabenzene will be complexed
to a chromium tricarbonyl. The metal should sterically block nucleophilic
attack from one face of the aldehyde, making attack from above the arene
more favorable (Figure 4).16
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Reactive Conformation of an
Aldehyde-(Lewis Acid) Complex
Results and Discussion
Our initial efforts have focused on: (1) The synthesis of previously
unknown ortho-substituted borabenzenes; (2) The synthesis and reactivity of
chromium-bound borabenzene-ligand adducts.
The synthesis of ortho-substituted borabenzenes. An efficient synthesis of
the parent unsubstituted borabenzene-ligand complexes has been developed
by others in this laboratory (Scheme 1, R=H).12 ,17
Scheme 1: Best route to unsubstituted borabenzene-ligand complexes
BC6
~4$ ~ + H2Sn(C4H9)2 C -78 2
refluxing 
-78 C
R TMS toluene Sn TMS CH2CI2 I TMS
C4H 9 / C4H 9 Cl
C6H6
25 °C
L= pyridine
2,6-lutidine L-B
PMe 3
NEt 3
Initially, we attempted to synthesize an ortho-substituted borabenzene by
an analogous route. However treatment of 1-trimethylsilyl-1,4-undecadiyne
(Figure 1, R = n-hexyl) with H2SnBu2 in refluxing toluene afforded mostly
five-membered stannacycles rather than the desired six-membered product.18
7In analogy to Ashe's synthesis of 2-substituted arsabenzenes, 18 we next
attempted to synthesize 2-substituted borabenzenes by elimination of HX
from a suitable precursor (Scheme 2). Our initial results with this route were
not promising. Addition of two equivalents of pyridine to chloroboracycle 5
in an NMR tube gave an unidentifiable product. When trimethylphosphine
or pyridine was added to bromoboracycle 6, boracycles 8 and 9, respectively,
were obtained. Heating 8 or 9 did not afford the borabenzene complex, but
resulted in decomposition. When pyridine was added to iodoboracycle 7, salt
10 was obtained; subsequent heating of 10 did not result in formation of the
desired borabenzene adduct.
Addition of a sterically hindered base such as 2,6-lutidine or triethylamine
to iodoboracycle 7, however, gave the desired borabenzene derivatives (11 and
12).
Scheme 2: Formation of 2-alkyl substituted borabenzenes
H\ + H 2 Sn(C 4 H 9 )2
refluxing Sn
H toluene 
43 % C4H9 C4H9
3 4
BX 3
CH2 CI 2
|I Y x__ -78 C
PMe3 Br 8
pyridine Br 9
pyridine I 10
2 equiv L
x - 25CX ~~25 C
C5Hl1 a =tr
7 X=I
NEt3 11 -B-L 2 equiv L
2,6-lutidine 12 25 °C
84-92 %
Because of the different electronic properties of a trimethylsilyl group
G) 
8versus an alkyl group, we are also interested in studying ortho-trimethylsilyl
borabenzenes. Since HI elimination from the iodo analog of boracycle 2 was
unsuccessful, we developed a route to ortho-trimethylsilyl borabenzenes
which proceeds via elimination of trimethylsilyl chloride from a
bis(trimethylsilyl) substituted boracycle (Scheme 3). Stannacycle 1 was
deprotonated with LDA and subsequently silylated with trimethylsilyl
chloride, affording disubstituted stannacycle 13.19 This was transmetallated
with boron trichloride, providing a mixture of boracycles 15 and 16. Addition
of one equivalent of pyridine or trimethylphosphine to the mixture of 15 and
16 afforded the trimethylsilyl-substituted borabenzene adducts 17 and 18
respectively.
Scheme 3: Synthesis of orthoTMS substituted borabenzenes
1. LDA, THF
2. TMSCI
+ H2Sn(C4H9)2 - ,
refluxing Sn TMS -40 °C to r.t.
toluene "90 %
MS C4 H 9 C4 H 9
1
25 °C
34-40 %
over 2
steps
M S B
TMS I
Cl
15
+
I
CI
TMS
n TMS
C4 FH C4H9
13
BCI3
-78 °C
if
TMS
- I
B TMS
I
14
16
Synthesis and reactivity of chromium-bound borabenzene-ligand adducts.
The alkyl- and the trimethylsilyl-substituted borabenzenes were converted to
the arene metal complexes by mixing with (CH3CN)3Cr(CO)3 in THF at room
H T
TMS
L= pyridine 17 L-B
L= PMe3 18
9temperature for five minutes (Scheme 4). When these chromium-bound
compounds were treated with other ligands, no exchange at boron was
observed, in contrast to the chromium-free borabenzene-ligand adducts
(Scheme 5).12,17
Scheme 4
R
DB-L (MeCN)3 Cr(CO)3
THF
25°C
R
~RB- L
C.r,.,,
OC X %"CO
R
19 n-C5H 1 1
20 n-C5H11
21 TMS
22 TMS
Because these initial attempts at ligand exchange of chromium-bound
borabenzene adducts were unsuccessful, we pursued the synthesis of more
labile adducts.
Scheme 5
R
B-L
/Cr.,,,c
R
dB-L
pyridine
C6D625 °C
C6D 625 °C
R
I
Oc/rCOCO
R
2,6-lutidine H
NEt3 C5H1
L IR
2,6-lutidine H
NEt3 C5H 1
We were not able to synthesize the borabenzene-acetonitrile adduct by the
method outlined in Scheme 1. In an attempt to make the chromium-bound
borabenzene-acetonitrile adduct directly from 2, the chloroboracycle was
mixed with (CH3CN)3Cr(CO)3 in THF at room temperature. A yellow solid,
which proved to be THF adduct 23, precipitated from the solution.
Subsequent attempts to synthesize 23 by this method were less successful,
L
NEt3
2,6-lutidine
pyridine
PMe 3
10
affording minor amounts of product in a viscous solution. Isolation of 23
was only possible when the original batch of THF was used. Control
experiments determined that when a catalytic amount of peroxide was added
to the THF prior to reaction, product 23 was formed in greater amounts, and
isolation was possible. Recrystallization of 23 from methylene chloride : ether
yielded x-ray quality crystals. Figure 5 shows the ORTEP of 23 with selected
bond distances and angles. Efforts to synthesize other chromium-bound
borabenzene adducts (CH3CN, DMF) by this method have provided NMR
data consistent with the desired products, but to date our attempts to isolate
these compounds have been unsuccessful.
Scheme 6: Synthesis of THF-borabenzene chromium tricarbonyl and its exchange reactions
(CH3 CN) 3 Cr(CO) 3
wet t-BuOOH O 
________ B- Os _ _ _ B -- LTHF L
___O_ I __ I
TMS 25 C Cr,,_ 0 25 OC Cr,,
OC / % 'O 
CH2CI2 
CI C O
CO
2 
23
0
M~~o
Me
L= pyridine F H
Plh H M 2
24 25 26 27
The THF adduct proved to be much more reactive at boron than any of the
previously synthesized borabenzene complexes (Scheme 6). Addition of
pyridine to 23 gave pyridine adduct 24 within five minutes at room
temperature; this observation represents the first example of ligand exchange
at a metal-bound borabenzene. This result encouraged us to synthesize other
chromium-bound borabenzene-ligand adducts by this method. Adding one
equivalent of benzylidine N-methylamine to 23 gave the corresponding
borabenzene-imine complex 25 in less than five minutes. Contrary to our
expectations, 25 was quite stable in solution to air and trace amounts of water
11
Cl1
C12
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C15
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Figure 5. ORTEP drawing of 23.
Selected Bond Distances and Angles for 23
Bond Distances (A)
1.47
1.50
1.48
1.41
1.41
C(13)-C(14)
C(14)-C(15)
0(4)-C(4)
0(4)-C(7)
Cr-B
1.40
1.41
1.50
1.48
2.33
Cr-C(11)
Cr-C(12)
Cr-C(13)
Cr-C(14)
Cr-C(15)
2.29
2.22
2.22
2.23
2.29
Bond Angles (deg)
C(15)-B-0(4)
C(11)-B-0(4)
B-0(4)-C(4)
B-0(4)-C(7)
C(14)-C(15)-B
120.3
121.2
123.2
124.2
118.1
C(12)-C(11)-B
C(11)-C(12)-C(13)
C(12)-C(13)-C(14)
C(13)-C(14)-C(15)
Torsion Angles (deg)
C(4)-0(4)-B-C(1l1)
C(7)-0(4)-B-C(11)
C(4)-0(4)-B-C(15)
-1.0
-157.7
175.0
C(7)-0(4)-B-C(15)
C(5)-C(4)-0(4)-B
C(6)-C(7)-0(4)-B
B-0(4)
B-C(15)
B-C(11)
C(11)-C(12)
C(12)-C(13)
119.0
121.3
121.2
122.0
18.4
-174.2
148.9
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for over two hours. Recrystallization from methylene chloride : hexane
afforded x-ray quality crystals. Figure 7 shows the ORTEP of 25 with selected
bond angles and distances. When one equivalent of N,N-dimethylformamide
or N,N-dimethylamino acrolein was added to 23, the first borabenzene-
carbonyl complexes 26 and 27 were formed respectively. However, addition
of benzaldehyde 28, 4-N,N-dimethylaminobenzaldehyde 29, benzylidene N-
phenylamine 30, or (S)-2-phenyl-4-isopropyl-4,5-dihydrooxazole 31 to
chromium-bound THF-adduct 21 did not give the corresponding
borabenzene-ligand complexes (Figure 6).
Figure 6: Ligands that failed to displace THF from 21
0 Ph
N/Ph N4'
Ph H .,'"
28 29 30 31
Two reasonable mechanisms by which THF adduct 21 may undergo ligand
exchange are a dissociative or an associative (nucleophilic aromatic
substitution) pathway. An excess of deuterated THF did not exchange with
the borabenzene-bound THF of 23 in CD2C12 at room temperature or in C6D6
at 53 C. In light of the fact that ligand exchange occurs with pyridine and
DMF, the failure to observe incorporation of deuterated THF into 23 suggests
that the substitution at boron (Scheme 5) occurs via an associative pathway.
Cs as
a
Q
N
03
IC/5
Co
03
Figure 7. ORTEP drawing of 25.
Selected Bond Distances and Angles for 25
Bond Distances (A)
1.53
1.30
1.47
1.50
1.40
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
N-C(16)
Cr-C(1)
1.41
1.40
1.41
1.46
2.27
Cr-C(2)
Cr-C(3)
Cr-C(4)
Cr-C(5)
Cr-B
2.23
2.22
2.22
2.26
2.29
Bond Angles (deg)
119.3
121.3
121.2
C(16)-N-B
N-C(6)-C(7)
Torsion Angles (deg)
C(1)-B-N-C(6)
C(1)-B-N-C(16)
C(7)-C(6)-N-B
-38.1
142.9
178.2
C4
13
04
N-B
N-C(6)
B-C(1)
B-C(5)
C(1)-C(2)
C(6)-N-B
C(5)-B-N
C(1)-B-N
118.6
129.5
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Experimental Section
General. 1-Trimethylsilyl-1,4-pentadiyne and a 50% weight solution of 1,4-
decadiyne were obtained from Farchan Laboratories and were distilled prior
to use. Di-n-butyltin dihydride and Tris(acetonitrile)tricarbonylchromium(0)
were prepared by literature methods. All other reagents used were obtained
from the Aldrich Chemical Company. Pyridine was obtained anhydrous and
was used without further purification. Boron trichloride (1.0 M solution in
methylene chloride) and boron triiodide were used without further
purification. Trimethylphosphine was distilled from sodium.
Solvents were reagent grade and were distilled from the indicated drying
agents: benzene, THF, diethyl ether (sodium/benzophenone); toluene
(molten sodium); methylene chloride (calcium hydride).
1H, 13C, and 1 1B nuclear magnetic resonance spectra were recorded on a
Varian XL-300 NMR spectrometer at ambient temperature. 1H data are
reported as follows: chemical shift in parts per million downfield from
tetramethylsilane ( scale), multiplicity (br = broad, s = singlet, d = doublet, t =
triplet, q = quartet, and m = multiplet), integration, and coupling constant
(Hz). 1 3C chemical shifts are reported in ppm downfield from
tetramethylsilane ( scale). All 13C spectra were determined with complete
proton decoupling. 11B chemical shifts are reported in ppm downfield from
boron triflouride etherate in C6D6 ( scale).
Infrared spectra were obtained on a Perkin-Elmer Series 1600 FT-IR
spectrophotometer. Microanalyses were performed by E + R Microanalytical
Laboratory, Inc. High resolution mass spectra were recorded on a Finnegan
MAT System 8200 spectrometer.
All reactions were carried out under an inert atmosphere in oven-dried
glassware.
15
Preparation of 1,1-di-n-butyl-2-n-pentyl-2,4-stannacyclohexadiene (4). A
50% weight solution of 1,4-decadiyne in n-hexane (15.0 g, 55.8 mmol) was
added to a 100 ml, 3-neck round bottom flask. Toluene (30 ml) was added to
this, followed by di-n-butyltin dihydride (13.1 g, 55.8 mmol). The flask was fit
with a condenser, and the slightly yellow solution was refluxed for three
hours under argon. The toluene was removed via rotary evaporation, and
the resulting yellow oil distilled twice (98° C, 350 mtorr) to afford 8.94 g (43.4
%) of the stannacycle. Note: The product could only be purified to
approximately 90 % purity.
Preparation of 1-iodo-2-n-pentyl-2,4-boracyclohexadiene (7). Stannacycle 4
(8.50 g, 23.0 mmol) was added to a 100 ml, 3-neck round bottom flask. A
solution of boron triiodide (9.01 g, 23.0 mmol) in methylene chloride (25 ml)
was added to the neat stannacycle at -78°C via cannula. The solution was
stirred at -78C for one hour over which time the solution changed from
colorless to amber, and finally to brown. The solvent was removed by
distillation at room temperature leaving a red brown-oil. The oil was
distilled three times at reduced pressure (58-60 C, 200 mtorr) to give 1.49 g
(24%) of boracycle 7. 1 H NMR (300 MHz, C6D6) 6 0.90 (t, 3H, J = 4.3), 1.16-1.54
(m, 6H), 2.56 (m, 2H), 2.56 (t, 2H, J = 7.7), 6.48 (s, 1H), 6.54 (s, 1H), 7.06 (dt, 1H, J
= 11.61, 1.4);1 3 C NMR (75 MHz, C6D6) 6 14.3, 22.0, 30.5, 32.0, 38.1, 39.3, 141.9,
148.6, 153.3; 1 1B NMR (96.2 MHz, C6D6) 6 53.8; IR (C6D6) 2957, 2927, 2871, 2856,
1600, 1556, 1465, 1395, 1376, 1357, 941, 918 cm' 1.
Preparation of 1-(triethylamine)-2-n-pentyl-borabenzene (11).
Triethylamine (0.303 g, 3.65 mmol) in 2 ml of benzene was added to a solution
of 1-iodo-2-n-pentyl-2,4-boracyclohexadiene 7 (0.50 g, 1.82 mmol) in 6 ml of
benzene at room temperature. A white precipitate immediately fell out of the
resulting yellow solution. The solid was filtered off, and hexane was added to
16
the supernatant to precipitate the remainder of the salt. Filtration of the solid
followed by removal of the solvent in vacuo afforded 0.378 g (84 %) of the
yellow-green oil. 1 H NMR (300 MHz, C6D6) 6 0.55 (t, 9H, J = 7.2), 0.90 (m, 2H),
0.95 (t, 3H, J = 7.3), 1.46 (m, 4H), 1.74(m, 2H), 2.72 (q, 6H, J = 7.2), 6.39 (dd, 1H, J =
10.4, 1.5), 7.09-7.15 (m, 1H), 7.72 (d, 1H, J = 7.9), 7.88 (ddd, 1H, J = 3.6, 7.1, 1.5);
1 3 C NMR (75 MHz, C6D6) 6 8.4, 14.5, 23.3, 33.2, 34.7, 28.4, 49.5, 114.8, 133.1,
139.0; 1 1B NMR (96.2 MHz, C6D6) 6 31.6; IR (C6D6) 2955, 2927, 2871, 1855, 1452,
1479, 1464, 960, 727 cm- 1. HRMS calcd. for C16H30NB: 247.2471. Found:
247.2460.
Preparation of 1-(2,6-lutidine)-2-n-pentyl-borabenzene (12). A solution of
2,6-lutidine (0.391 g, 3.65 mmol) in 2 ml of benzene was added to a solution of
1-iodo-2-n-pentyl-2,4-boracyclohexadiene 7 (0.50 g, 1.82 mmol) in 8 ml of
benzene at room temperature. The solution instantaneously became a dark
red with the lutidinium salt precipitating out of solution. The precipitate was
filtered, hexane was added to the supernatant until all of the remainding salt
precipitated, and the mixture was filtered again. The solvent was removed in
vacuo to leave 0.427 g (92 %) of the ruby-red oil. 1H NMR (300 MHz, C6D6) 6
0.83 (t, 3H, J = 7.0), 1.30 (m, 4H), 1.56 (m, 2H), 2.26 (s, 6H), 2.34 (t, 2H, J = 7.9),
6.21 (d, 2H, J = 7.5), 6.44 (dd, 1H, J = 9.6, 1.5), 6.58 (t, 1H, J = 7.9), 7.22 (td, 1H, J =
6.8, 1.5), 7.88 (d, 1H, J = 7.0), 8.05 (m, 1H); 13 C NMR (75 MHz, C6D6) 8 14.3, 23.1,
24.9, 32.6, 32.7, 34.8, 115.1, 123.9, 133.9, 136.0, 139.8, 156.6; 1 1B NMR (96.2 MHz,
C6D6) 6 32.0; IR (C6D6) 3003, 2957, 2923, 2871, 2852, 1620, 1557, 1538, 1479, 1420,
1395, 1380, 1330, 782, 728, 694 cm- 1. HRMS calcd. for C17H24NB: 253.2001.
Found: 253.2003.
Preparation of 1,1-di-n-butyl-2,4-di-trimethylsilyl-2,4-stannacyclohexadiene
(13). 1,1-di-n-butyl-2-trimethylsilyl-2,4-stannacyclohexadiene 1 (18.95 g, 51.2
mmol) in 29 ml THF was added over 10 minutes via cannula to a solution of
17
lithium diisopropylamide (5.48 g, 51.2 mmol) in 100 ml THF at -78C. During
the addition, the solution changed from orange to bright red. The solution
was stirred at -78°C for 0.5 hours, and then was brought to room temperature
over the next 25 minutes. After bringing the solution back down to -40°C,
trimethylsilyl chloride (6.50 ml, 51.2 mmol) was added over 5 minutes via
syringe. The solution became a dull green color as the last drops of
trimethylsilyl chloride were added. Stirring at -400C was continued for 15
minutes, followed by warming to room temperature. The solution was
poured over 300 ml of water in a 1 liter separation funnel. The product was
collected by successive extractions with 150 ml and 75 ml of hexane. The
hexane extracts were comined, dried with magnesium sulfate, and filtered
through celite. Removal of the solvent via rotary evaporation followed by
Kugelrohr distillation gave 20.47 g (90 %) of the colorless oil. 1H NMR (300
MHz, C6D6) 0.01 (s, 9H), 0.20 (s, 9H), 0.89-1.14 (m, 10H), 1.36-1.50 (m, 4H),
1.60-1.68 (m, 4H), 2.99 (t, 1H, J = 5.3 Hz), 6.21 (d, 1H, J = 13.9), 6.64 (ddd, 1H, J =
13.9, 3.9, 1.35), 6.96 (d, 1H, J = 4.97); 1 3 C NMR (75 MHz, C6D6) 8 -2.6, 0.3, 12.6,
12.9, 14.3, 28.0, 28.1, 30.0, 30.4, 47.4, 122.9, 136.8, 153.6; IR (neat) 711, 753, 836, 901,
946, 1055, 1246, 1542, 1583, 2159, 2852, 2871, 2929, 2956 cm-1; Anal. Calcd. for
C19H40Si2Sn: C, 51.47; H, 9.09. Found: C, 51.66; H, 9.23.
Preparation of mixture of boracycles 15 and 16. 1,1-di-n-butyl-2,4-di-
trimethylsilyl-2,4-stannacyclohexadiene 13 (10.0 g, 22.6 mmol) was added to a
250 ml 3-neck round bottom flask in a nitrogen filled atmosphere. The flask
was put under argon and was fitted with an addition funnel. A 1.0 M
solution of boron trichloride in methylene chloride (22.6 ml, 22.6 mmol) was
added to the addition funnel via syringe. The flask was brought to -78 °C, and
the boron trichloride solution was added to the stannacycle dropwise over a
period of 15 minutes. The resulting amber solution was allowed to stir at -78
18
°C for 1.5 hours and then was warmed to room temperature. The methylene
chloride was removed by distillation at atmospheric pressure, leaving a
brown oil. The product was distilled from the oil at 55-60 C, 300 mtorr to
afford a yellow oil that was approximately 70 % pure. Note: Subsequent
distillations of the product mixture did afford a more pure product, but even
after three distillations, the dibutyltin dichloride impurity remained. 13 C
NMR (75 MHz, C6D6) -0.5, 0.4, 0.6, 12.4, 25.6, 26.3, 27.0, br. 53.0-55.0, 123.9, 125.9,
br. 132.0-136 145.2, 145.5, 150.2, 157.1; 11B NMR (96.2 MHz, C6D6) 59.3; IR
(C6D6) 3033, 2955, 2897, 2284, 1596, 1497, 1418, 1381, 1330, 1286, 1252, 1156, 1070,
1057, 1006, 979, 960, 913, 846, 726 cm- 1 .
Preparation of 1-pyridine-2-trimethylsilyl-borabenzene (17). Pyridine (0.77
g, 9.70 mmol) in 10 ml benzene was added dropwise to the mixture of 15 and
16 in 60 ml benzene at room temperature. Upon addition of the pyridine, the
resulting solution was orange initially, and then became a vibrant red. The
reaction was stirred for 15 minutes at room temperature, and then was
allowed to remain at room temperature overnight. The solvent was
removed in vacuo, and the resulting orange solid was crystallized from
methylene chloride: hexane to afford 0.861 g (34 % yield from 13) of the
product as yellow needles. 1 H NMR (300 MHz, C6D6) 8 0.15 (s, 9H), 6.27 (t, 2H,
J = 6.5), 6.54 (tt, 1H, J = 7.7, 1.7), 6.62 (dd, 1H, J = 5.9, 1.7), 7.26 (td, 1H, J = 6.9, 1.7),
7.94 (m, 2H), 8.04 (ddd, 1H, J = 9.5, 7.6, 1.5), 8.11 (d, 1H, J = 6.9); 1 3 C NMR (75
MHz, C6D6) 5 1.8, 117.4, 124.5, 139.9, 140.6, 145.4; 1 1B NMR (96.2 MHz, C6D6) 6
37.2; IR (Nujol) 1619, 1571, 1532, 1509, 1259, 1244, 1219, 1143, 1099, 836 cm- 1;
Anal. Calcd. for C13H18BNSi: C, 68.73; H, 8.21. Found: C, 68.80; H, 8.21.
Preparation of 1-trimethylphosphine-2-trimethylsilyl-borabenzene (18).
Trimethylphosphine (0.74 g, 9.70 mmol) in 10 ml of benzene was added
dropwise over 10 minutes to the mixture of 15 and 16 in 60 ml benzene at
19
room temperature. The solution was stirred at room temperature for 4
hours, and the solvent was removed in vacuo leaving an oily white
substance. The product was recrystallized from methylene chloride: hexane
to afford 1.02 g (40 % from 13) of white crystals. 1HNMR (300 MHz, C6D6) 6
0.41 (s, 9H), 0.80 (d, 9H, J = 11.3), 7.02 (td, 1H, J = 10.0, 1.4), 7.37 (m, 1H), 7.98 (m,
1H), 8.17 (t, 1H, J = 6.5); 1 3 C NMR (75 MHz, C6D6) 6 2.9, 11.9, 12.5, 120.4, 134.6,
134.8, 140.0, 140.3; 1 1B NMR (96.2 MHz, C6D6) 6 37.2; IR (Nujol) 1529, 1514,
1421, 1368, 1293, 1242, 1162, 1104, 1079, 1006, 984, 940, 862, 824, 747, 726, 671 cm-
1; Anal. Calcd. for C11lH22BPSi: C, 58.94; H, 9.89. Found: C, 58.85; H, 9.90.
Preparation of 1-(triethylamine)-2-n-pentyl-borabenzene chromium
tricarbonyl (19). A solution of 1-(triethylamine)-2-n-pentyl-borabenzene (0.03
g, 0.12 mmol) in 2 ml THF was poured over
tris(acetonitrile)tricarbonylchromium(0) (0.31 g, 0.12 mmol). The resulting
yellow-brown solution was shaken until all of the starting chromium
complex was dissolved (about 5 minutes). The solvent was removed in
vacuo leaving a brown oil. This oil could be chromatographed on silica in a
nitrogen filled glove box. 1 H NMR (300 MHz, C6D6) 6 0.64 (t, 9H, J = 7.2), 0.91
(t, 3H, J = 6.7), 1.1-1.5 (m, 6H), 1.9-2.2 (m, 2H), 2.59 (m, 6H), 3.63 (d, 1H, J = 9.1),
4.94 (d, 1H, J = 6.8), 5.06 (t, 1H, J = 6.2), 5.19 (dd, 1H, J = 4.4, 7.0); 1 3 C NMR (75
MHz, C6D6) 6 8.9, 14.3, 22.9, 32.6, 33.0, 36.3, 51.8, 88.0, 100.0, 104.4, 239.1; 1 1B
NMR (96.2 MHz, C6D6) 6 23.1; IR (C6D6) 2956, 2929, 2871, 1930, 1846, 1827, 1465,
1835, 992, 680, 640 cm-1; Anal. calcd for C19H3003NBCr: C, 59.54; H, 7.89.
Found: C, 59.36; H, 8.08; HRMS calcd. for C19H3003NBCr: 383.1724. Found:
383.1720.
Preparation of 1-(2,6-lutidine)-2-n-pentyl-borabenzene chromium
tricarbonyl (20). A solution of 1-(2,6-lutidine)-2-n-pentyl-borabenzene (0.030 g,
0.12 mmol) in 1 ml of THF was poured over solid
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tris(acetonitrile)tricarbonylchromium(0) (0.031 g, 0.12 mmol). The resulting
cranberry red solution was shaken until all of the starting chromium complex
was dissolved (about 5 minutes). The solvent was removed in vacuo leaving
a dark red oil. This oil could be chromatographed with silica gel (3:1, ether :
pentane) in dry box to afford 28.3 g (62 %) of the desired orange solid. 1H
NMR (300 MHz, C6D6) 6 0.71 (t, 3H, J = 7.0), 0.97-1.08 (m, 6H), 1.75-1.90 (m, 2H),
1.81 (s, 3H), 3.26 (s, 3H), 4.02 (dd, 1H, J = 9.3, 1.7), 5.01-5.04 (m, 2H), 5.27 (td, 1H, J
= 6.3, 1.7), 6.00 (d, 1H, J = 7.2), 6.45 (t, 1H, J = 7.9); 1 3 C NMR (75 MHz, C6D6) 6
12.8, 14.0, 22.7, 25.7, 25.8, 30.6, 32.1, 33.1, 88-91, 91.2, 96.0, 99.2, 124.7, 125.7, 141.1,
157.5, 157.9, 168.8, 240.5; 1 1B NMR (96.2 MHz, C6D6) 6 21.7; IR (C6D6) 2928,
1930, 1847, 1831 cm-1; Anal. Calcd. for C20H2403BNCr: C, 61.727; H, 6.22.
Found: C, 61.84; H, 6.37.
Preparation of 1-pyridine-2-trimethylsilyl-borabenzene chromium
tricarbonyl (21). A solution of 1-pyridine-2-trimethylsilyl-borabenzene (0.20 g,
0.89 mmol) in 10 ml of THF was poured over
tris(acetonitrile)tricarbonylchromium(0) (0.23 g, .89 mmol). The resulting
cranberry red solution was shaken until all of the starting chromium complex
was dissolved (about 5 minutes). The solvent was removed in vacuo, leaving
a dark red solid. This solid was washed two times with hexane and then with
ether. The resulting solid was dried in vacuo affording 0.32 g (94 %) of the
desired borabenzene chromium complex. 1H NMR (300 MHz, C6D6) 6 -0.03
(s, 9H), 3.98 (dd, 1H, J = 9.2, 1.2), 5.06 (td, 1H, J = 6.0, 1.2), 5.55 (d, 1H, J = 6.04),
5.62 (dd, 1H, J = 9.1, 6.0), 8.04 (t, 1H, J = 7.7), 9.05 (dd, 1H, J = 2.8, 1.6); 1 3 C NMR
(75 MHz, C6D6) 6 0.8, 86.6, 105.5, 108.5, 127.5, 144.7, 148.0, 237.9; 1 1B NMR (96.2
MHz, C6D6) 6 30.3; IR (nujol) 1929, 1851, 1828 cm- 1 .
Preparation of 1-trimethylphosphine-2-trimethylsilyl-borabenzene
chromium tricarbonyl (22). A solution of 1-trimethylphosphine-2-
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trimethylsilyl-borabenzene (0.22 g, 0.97 mmol) in 10 ml of THF was poured
over tris(acetonitrile)tricarbonylchromium(0) (0.25 g, 0.97 mmol). The
resulting yellow-brown solution was shaken until all of the starting
chromium complex was solvated (about 5 minutes). The solvent was
removed in vacuo leaving a yellow-orange solid. This solid was washed with
methylene chloride until it was a bright yellow-green color. The crystals were
filtered and washed 3 times with pentane and 2 times with methylene
chloride affording 0.19 g (55 %) of the desired product. 1H NMR (300 MHz,
C6D6) 5 0.19 (s, 9H), 0.79 (d, 9H, J = 11.7), 3.70 (t, 1H, J = 8.29), 5.00 (m, 1H), 5.53
(m, 1H), 5.63 (m, 1H); 13 C NMR (75 MHz, C6D6) 5 2.1, 10.4, 11.0, 87.0, 104.1,
104.2, 109.1, 109.2, 237.3; 1 1B NMR (96.2 MHz, C6D6) 8 12.5; IR (C6D6) 1920,
1850, 1808, 1422, 1377, 1365, 1352, 1311, 1295, 946, 839, 681, 636 cm-1; Anal.
Calcd. for C14H2203PBSiCr: C, 46.68; H, 6.16. Found: C, 46.81; H, 6.07.
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INTRODUCTION
This structure was solved and refined with no
difficulty. The usual disclaimers apply.
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EXPERIMENTAL
DATA COLLECTION
A yellow prismatic crystal of C12H13BO4Cr having
approximate dimensions of 0.220 X 0.220 X 0.170 mm was
mounted on a glass fiber. All measurements were made on a
Rigaku AFC6S diffractometer with graphite monochromated Mo
Ka radiation and a 12KW rotating anode generator.
Cell constants and an orientation matrix for data
collection, obtained from a least-squares refinement using
the setting angles of 12 carefully centered reflections in
the range 10.65 < 2j 15.57 corresponded to an
orthorhombic cell with dimensions:
a 12.64 (1)6
b - 15.618 (6)e
c 12.517 (6)6
V 2472 (2)63
For Z 8 and F.W. - 284.04, the calculated density is 1.526
g/cm3. Based on the systematic absences of:
Okl: k 2n
hOl: 1 2n
hkO: h 2n
and the successful solution and refinement of the structure,
the space group was determined to be:
Pbca (#61)
The data were collected at a temperature of -86 1 -C
using the w-2j scan technique to a maximum 2j value of
55.0 . Omega scans of several intense reflections, made
prior to data _collection, had an average_ width at
half-height of 0.27 with a take-off angle of 6.0 . Scans of
(1.15 + 0.30 tan j) were made at a speed of 8.0 /m (in
omega). The weak reflections (I 4. Os (I)) were rescanned
(maximum of 8 rescans) and the counts were accumulated to
assure good counting statistics. Stationary background
counts were recorded on each side of the reflection. The
ratio of peak counting time to background counting time was
2:1. The diameter of the incident beam collimator was 0.5 mm
and the crystal to detector distance was 400.0 mm.
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DATA REDUCTION
A total of 3215 reflections was collected. The
intensities of three representative reflections which were
measured after every 150 reflections remained constant
throughout data collection indicating crystal and electronic
stability (no decay correction was applied).
The linear absorption coefficient for Mo Ka is 9.0
cm-1. An empirical absorption correction, using the program
DIFABS3, was applied which resulted in transmission factors
ranging from 0.91 to 1.12. The data were corrected for
Lorentz and polarization effects.
STRUCTURE SOLUTION AND REFINEMENT
The structure was solved by direct methods4. The
non-hydrogen atoms were refined anisotropically. The final
cycle of full-matrix least-squares refinement5 was based on
1005 observed reflections (I > 3.00s(I)) and 163 variable
parameters and converged (largest parameter shift was 0.02
times its esd) with unweighted and weighted agreement
factors of:
R - S IFol - Fcl / S IFo - 0.050
Rw [( S w (IFol - FcI)2 / S w Fo2 )]1/2 - 0.037
The standard deviation of an observation of unit
weight6 was 1.58. The weighting scheme was based on counting
statistics and included a factor (p - 0.01) to downweight
the intense reflections. Plots of S w (IFol - Fcl)2 versus
IFol, reflection order in data collection, sin j/l , and
various classes of indices showed no unusual trends. The
maximum and minimum peaks on the final difference Fourier
map corresponded to 0.38 and -0.33 e-/63, respectively.
Neutral atom scattering factors were taken from Cromer
and Waber7. Anomalous dispersion effects were included in
Fcalc8; the values for Df' and Df" were those of Cromer9.
All calculations were performed using the TEXSAN10
crystallographic software package of Molecular Structure
Corporation.
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EXPERIMENTAL DETAILS
A. Crystal Data
Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions (mm)
Crystal System
No. Reflections Used for Unit
Cell Determination (2j range)
Omega Scan Peak Width
at Half-height
Lattice Parameters:
Space Group
Z value
Dcalc
F000
c(MoKa)
B. Intensity I
Diffractometer
Radiation
Temperature
Take-off Angle
Detector Aperture
Crystal to Detect
C12H13B04Cr
284.04
yellow, prismatic
0.220 X 0.220 X 0.170
orthorhombic
12 ( 10.6 - 15.6 )
0.27
a - 12.64 (1)6
b - 15.618 (6)e
c - 12.517 (6)6
V - 2472 (2)e3
Pbca (#61)
8
1.526 g/cm3
1168
9.03 cm-1
Measurements
Rigaku AFC6S
MoKa (1 - 0.71069 6)
-86 C
6.0
6.0 mm horizontal
6.0 mm vertical
40 cm-.or Distance
Scan Type
Scan Rate
Scan Width
2jmax
No. of Reflections Measured
Corrections
C. Structure Solution anc
Structure Solution
Refinement
Function Minimized
Least-squares Weights
p-factor
Anomalous Dispersion
No. Observations (I>3.00s(I))
No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw
Goodness of Fit Indicator
Max Shift/Error in Final Cycle
Maximum Peak in Final Diff. Map
Minimum Peak in Final Diff. Map
w-2j
8.0-/min (in omega)
(8 rescans)
(1.15 + 0.30 tani)
55.0
Total: 3215
Lorentz-polarization
Absorption
(trans. factors: 0.91 - 1.12)
i Refinement
Direct Methods
Full-matrix least-squares
S w (IFol - FcI)2
4Fo2/s2(Fo2)
0.01
All non-hydrogen atoms
1005
163
6.17
0.050; 0.037
1.58
0.02
0.38 e-/63
-0.33 e-/63
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Intermolecular Distances Involving the Nonhydrogen Atoms
atom atom distance ADC(*) atom atom distance ADC(*)
0(1) C(4) 3.185(9) 3 0(2) C(6) 3.515(9) 6
0(1) C(7) 3.211(9) 45502 0(2) C(12) 3.527(9) 2
0(1) C(14) 3.404(9) 7 0(2) C(13) 3.541(9) 2
0(1) C(6) 3.47(1) 45502 0(-3) C(13) 3.41(1) 2
0(1) C(S) 3.58(1) 6 0(3) C(14) 3.500(9) 2
0(2) 0(3) 3.446(7) 55407 0(3) C(12) 3.599(9) 8
0(2) C(4) 3.450(9) 55407 C(1) C(7) 3.58(1) 45502
0(2) C(7) 3.504(8) 6
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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Intramolecular Distances Involving the Nonhydrogen Atoms
atom atom distance atom atom distance
Cr C(1) 1.816(7) 0(4) C(4) 1.497(8)
Cr C(2) 1.853(7) 0(4) C(7) 1.475(7)
Cr C(3) 1.808(6) 0(4) B 1.467(8)
Cr C(11) 2.287(7) C(4) C(5) 1.479(8)
Cr C(12) 2.229(7) C(5) C(6) 1.50(1)
Cr C(13) 2.217(7) C(6) C(7) 1.485(9)
Cr C(14) 2.230(7) C(11) C(12) 1.407(9)
Cr C(15) 2.287(7) C(11) B 1.48(1)
Cr B 2.332(8) C(12) C(13) 1.41(1)
0(1) C(1) 1.155(7) C(13) C(14) 1.395(9)
0(2) C(2) 1.151(7) C(14) C(15) 1.407(8)
0(3) C(3) 1.175(6) C(15) B 1.50(1)
Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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ntermolecular Distances nvolving the Hydrogen Atoms
Intermolecular Distances Involving the Hydrogen Atoms
atom atom distance ADC(*) atom atom distance ADC(*)
Cr H(11) 3.552 2 0(3) H(13) 3.228 7
0(1) H(2) 2.295 3 C(1) H(12) 2.900 7
0(1) H(12) 2.743 7 C(1) H(8) 2.999 45502
0(1) H(8) 2.780 45502 C(1) H(6) 3.219 45502
0(1) H(6) 2.971 45502 C(1) H(4) 3.223 6
0(1) H(7) 3.017 45502 C(1) H(2) 3.379 3
0(1) H(6) 3.174 6 C(1) H(5) 3.440 45502
0(1) H(3) 3.203 6 C(1) H(6) 3.473 6
0(1) H(13) 3.249 7 C(1) H(13) 3.496 7
0(1) H(1) 3.319 3 C(1) H(3) 3.572 6
0(1) H(4) 3.350 6 C(2) H(11) 2.847 2
0(1) H(9) 3.519 3 C(2) H(4) 3.109 6
0(2) H(1) 2.584 55407 C(2) H(5) 3.197 45502
0(2) H(7) 2.759 6 C(2) H(6) 3.310 6
0(2) H(9) 2.906 55407 C(2) H(6) 3.336 45502
0(2) H(6) 2.928 6 C(2) H(9) 3.580 55407
0(2) H(11) 2.966 2 C(3) H(11) 2.684 2
0(2) H(10) 3.078 2 C(3) . H(4) 2.847 6
0(2) H(4) 3.190 6 C(3) H(13) 3.502 7
0(2) H(6) 3.215 45502 C(4) H(7) 3.439 4
0(2) H(5) 3.264 45502 C(4) H(10) 3.594 8
0(2) H(2) 3.537 55407 C(5) H(13) 3.389 4
0(3) H(10) 2.666 8 C(S) H(9) 3.406 8
0(3) H(11) 2.687 2 C(5) H(7) 3.595 4
0(3) H(4) 2.797 6 C(5) H(10) 3.596 8
0(3) H(12) 2.863 2 C(6) H(9) 3.333 8
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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Intermolecular Distances Involving the Hydrogen Atoms (cont)
atom atom distance ADC(*) atom atom distance ADC(*)
C(7) H(11) 3.576 2 H(5) H(12) 3.302 2
C(11) H(3) 3.216 45508 H(6) H(6) 2.732 65505
C(11) H(S) 3.573 45508 H(6) H(9) 3.469 8
C(12) H(7) 3.382 5 H(7) H(10) 3.459 5
C(12) H(3) 3.443 45508 H(8) H(11) 2.760 2
C(13) H(4) 3.341 5 H(10) H(12) 3.249 7
C(13) H(8) 3.436 45502
C(14) H(2) 3.022 5
C(14) H(4) 3.577 5
C(15) H(2) 3.331 5
C(15) H(3) 3.541 55404
H(1) H(10) 2.894 8
H(1) H(7) 3.044 4
H(2) H(12) 2.911 5
H(2) H(7) 3.337 4
H(2) H(13) 3.451 5
H(3) H(13) 2.633 4
H(3) H(9) 2.737 8
H(3) H(7) 3.024 4
H(3) H(10) 3.169 8
H(4) H(11) 3.019 5
H(4) H(13) 3.325 4
H(4) H(12) 3.465 5
H(5) H(9) 2.838 8
H(5) H(10) 3.008 8
H(5) H(11) 3.252 2
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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Intramolecular Distances Involving the Hydrogen Atoms
atom atom distance atom atom distance
C(4) H(1) 0.943 C(7) H(8) 0.990
C(4) H(2) 0.992 C(11) H(9) 1.036
C(5) H(3) 0.930 C(12) H(10) 0.972
C(5) H(4) 1.006 C(13) H(11) 1.061
C(6) H(S) 0.941 C(14) H(12) 1.005
C(6) H(6) 0.961 C(15) H(13) 1.059
C(7) H(7) 0.978
Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms
atom
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(11)
C(11)
C(11)
C(11)
C(11)
atom
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
atom
C(2)
C(3)
C(11)
C(12)
C(13)
C(14)
C(15)
B
C(3)
C(11)
C(12)
C(13)
C(14)
C(15)
B
C(11)
C(12)
C(13)
C(14)
C(15)
B
C(12)
C(13)
C(14)
C(15)
B
angle
86.0(3)
88.4(3)
115.1(3)
92.5(3)
96.1(3)
123.3 (3)
159.6 (3)
151.8(3)
92.3 (3)
158.9(3)
149.8(3)
113.1(3)
89.3(3)
92.1(3)
121.9 (3)
89.1(3)
117.8 (3)
154.3 (3)
148.3 (3)
112.1 (3)
86.4 (3)
36.3(2)
66.1(3)
78.7(3)
67.9(3)
37.2(2)
atom
C(12)
C(12)
C(12)
C(12)
C(13)
C(13)
C(13)
C(14)
C(14)
C(15)
C(4)
C(4)
C(7)
Cr
Cr
Cr
0(4)
C(4)
C(5)
0(4)
Cr
Cr
C(12)
Cr
Cr
C(11)
atom
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
0(4)
0(4)
0(4)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(11)
C(11)
C(11)
C(12)
C(12)
C(12)
atom
C(13)
C(14)
C(15)
B
C(14)
C(15)
B
C(15)
B
B
C(7)
B
B
0(1)
0(2)
0(3)
C(5)
C(6)
C(7)
C(6)
C(12)
B
B
C(11)
C(13)
C(13)
angle
37.0(3)
66.5(3)
79.0(3)
65.9(3)
36.6(2)
65.9(3)
77.7(3)
36.3(2)
66.2(3)
37.9(2)
109.1(5)
123.2(6)
124.2(5)
176.2 (6)
177.2 (6)
179.7(6)
104.0 (7)
102.4 (6)
105.1(6)
103.2(5)
69.6(4)
73.0 (4)
119.0 (7)
74.1 (4)
71.0 (5)
121.3 (7)
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms (cont
atom atom atom angle atom atom atom angle
Cr C(13) C(12) 71.9(4)
Cr C(13) C(14) 72.2(4)
C(12) C(13) C(14) 121.2(7)
Cr C(14) C(13) 71.2(4)
Cr C(14) C(15) 74.0(4)
C(13) C(14) C(15) 122.0(7)
Cr C(15) C(14) 69.7(4)
Cr C(15) B 72.7(4)
C(14) C(15) B 118.1(7)
Cr B 0(4) 129.7(5)
Cr B C(11) 69.7(4)
Cr B C(15) 69.4(4)
0(4) B C(11) 120.3(7)
0(4) B C(15) 121.2(7)
C(11) B C(15) 118.4(6)
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Hydrogen Atoms
atom atom atom angle atom atom atom angle
0(4) C(4) H(1) 110.97 C(6) C(7) H(8) 112.69
0(4) C(4) H(2) 107.72 H(7) C(7) H(8) 104.05
C(5) C(4) H(1) 113.85 Cr C(11) H(9) 127.48
C(5) C(4) H(2) 113.61 C(12) C(11) H(9) 119.88
H(1) C(4) H(2) 106.56 B C(11) H(9) 121.14
C(4) C(5) H(3) 115.12 Cr C(12) H(10) 125.79
C(4) C(5) H(4) 111.68 C(11) C(12) H(10) 118.49
C(6) C(5) H(3) 111.94 C(13) C(12) H(10) 120.17
C(6) C(5) H(4) 109.24 Cr C(13) H(11) 131.81
H(3) C(5) H(4) 106.41 C(12) C(13) H(11) 117.45
C(5) C(6) H(S) 112.26 C(14) C(13) H(11) 121.24
C(5) C(6) H(6) 114.89 Cr C(14) H(12) 129.65
C(7) C(6) H(5) 107.44 C(13) C(14) H(12) 117.38
C(7) C(6) H(6) 107.47 C(15) C(14) H(12) 120.64
H(5) C(6) H(6) 109.28 Cr C(15) H(13) 130.43
0(4) C(7) H(7) 112.61 C(14) C(15) H(13) 118.14
0(4) C(7) H(8) 111.63 B C(15) H(13) 123.72
C(6) C(7) H(7) 112.93
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Torsion or Conformation Angles
(1) (2) (3) (4)
Cr C(11)C(12)C(13)
Cr C(11)B 0(4)
Cr C(11)B C(15)
Cr C(12)C(11)B
Cr C(12)C(13)C(14)
Cr C(13)C(12)C(11)
Cr C(13)C(14)C(15)
Cr C(14)C(13)C(12)
Cr C(14)C(15)B
Cr C(15)C(14)C(13)
Cr C(15)B 0(4)
Cr C(15)B C(11)
Cr B 0(4) C(4)
Cr B 0(4) C(7)
Cr B C(11)C(12)
Cr B C(15)C(14)
0(1) C(1) Cr C(2)
0(1) C(1) Cr C(3)
0(1) C(1) Cr C(11)
O(1) C(1) Cr C(12)
O(1) C(1) Cr C(13)
0(1) C(1) Cr C(14)
0(1) C(1) Cr C(15)
0(1) C(1) Cr B
0(2) C(2) Cr C(1)
0(2) C(2) Cr C(3)
angle
55.4 (7)
125.0(6)
-51.3 (6)
-55.8(6)
55.0(7)
-56.8(7)
56.3(6)
-54.9(7)
56.1(5)
-55.0(6)
-124.8(6)
51.4 (6)
86.8(8)
-69.8(9)
54.2 (6)
-54.6(5)
-4 (10)
89(10)
177 (10)
-154 (10)
-117(10)
-90 (10)
-89(10)
168(10)
20(13)
-68(13)
(1) (2) (3) (4) angle
0(2)
0(2)
0(2)
0(2)
0(2)
0(2)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
0(4)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(4)
C(7)
B
B
B
B
B
B
B
B
B
B
Cr C(11)
Cr C (12)
Cr C(13)
Cr C(14)
Cr C(15)
Cr B
Cr C(1)
Cr C(2)
Cr C(11)
Cr C(12)
Cr C (13)
Cr C(14)
Cr C(15)
Cr B
C(5) C(6)
C(6) C(5)
Cr C(1)
Cr C(2)
Cr C(3)
Cr C(11)
Cr C(12)
Cr C(13)
Cr C(14)
Cr C(15)
C(11) C(12)
C(15)C(14)
The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
-162 (13)
108 (13)
115 (13)
143 (13)
179(13)
-156 (13)
79
165
-37
-13
-22
-103
-102
-74
33.4 (7)
31.6(7)
-99.6 (8)
70.6 (8)
-19.9 (7)
-113.1 (9)
-142.5 (8)
-179.6 (8)
143.8 (8)
114.0 (9)
179.1(6)
-179.4 (6)
Torsion or Conformation Angles
(3) (4)
C(11) C(12)
C(11)B
C(12) C(11)
C(12) C(13)
C(13) C(12)
C(13) C(14)
C(14)C(13)
C(14)C(15)
C(15)C(14)
C(15)B
B C(11)
B C(15)
C(11)C(12)
C(11)B
C(12)C(11)
C(12)
C(13)
C(13)
C(14)
C(14)
C(15)
C(15)
B
B
C(11)
C(11)
C(13)
C(12)
C(14)
C(13)
C(15)
C(14)
B
C(11)
C(15)
C(12)
B
angle
56.2(5)
-173.0(4)
-131.1(5)
96.9(5)
-86.0(5)
141.4 (5)
-47.9(6)
179.3 (4)
-2(1)
-131.5(8)
13.5 (8)
146.3 (6)
-121.9(8)
8.9(9)
142.5(6)
10.6(8)
-174.3 (4)
53.1 (5)
-132.6 (5)
94.6 (4)
-85.8 (4)
144.3 (4)
-176.2 (4)
-43.4(5)
144.0(5)
-85.2 (4)
(1) (2) (3) (4)
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(3) Cr
C(4) 0(4)
C(4) 0(4)
C(4) 0(4)
C(4) C(S)
C(5) C(4)
C(5) C(4)
C(6) C(7)
C(7) 0(4)
C(7) 0(4)
C(11) Cr
C (11) Cr
C(11) Cr
C (11) Cr
C(11) Cr
C(11) Cr
C(11) Cr
C(12)C(11)
C(12)C(13)
C(13)C(12)
C(13)C(14)
C(14) C(13)
C(14) C(15)
C(15)C(14)
C(15)B
B C(11)
B C(15)
C(7) C(6)
B C(11)
B C(15)
C(6) C(7)
0(4) C(7)
0(4) B
0(4) B
B C(11)
B C(15)
C(12) C(13)
C(13) C(12)
C(13) C(14)
C(14)C(13)
C(14)C(15)
C(15)C(14)
C(15)B
The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
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(cont)
(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(3)
C(3)
(2)
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
angle
-41.7(6)
-173.6 (5)
13.1(9)
-119.5(7)
134.1(6)
1.4(7)
-179.2(4)
50.9(5)
93.2 (4)
-133.9 (4)
-10.4(7)
-1(1)
175.0 (6)
-41.1(8)
-14.6 (7)
-174.2 (5)
148.9 (6)
-157.7(6)
18.4 (9)
-132.0 (7)
28.8(4)
-103.8 (5)
64.8(5)
-67.9(4)
101.3(4)
-28.6(4)
Torsion or Conformation Angles
(1) (2) (3) (4) angle
C(11) Cr B C(15) 132.8(6)
C(11)C(12)Cr C(13) 132.0(7)
C(11)C(12)Cr C(14) 103.4(5)
C(11)C(12)Cr C(15) 67.6(5)
C(11)C(12)Cr B 30.1(5)
C(11)C(12)C(13) C (14) -2(1)
C(11)B Cr C(12) -29.4(4)
C(11)B Cr C(13) -66.5(4)
C(11)B Cr C(14) -103.1(4)
C(11)B Cr C(15) -132.8(6)
C(11)B C(15)C(14) -3(1)
C(12)Cr C(11)B 130.8(7)
C(12)Cr C(13)C(14) -132.6(7)
C(12)Cr C(14)C(13) 28.9(5)
C(12)Cr C(14)C(15) -103.9(5)
C(12)Cr C(15)C(14) 65.1(4)
C(12)Cr C(15)B -64.8(4)
C(12)Cr B C(15) 103.4(5)
C(12)C(11)Cr C(13) -29.3(5)
C(12)C(11) Cr C(14) -65.4(5)
C(12)C(11) Cr C(15) -101.7(5)
C(12)C(11)Cr B -130.8(7)
C(12)C(11)B C(15) 3(1)
C(12)C(13)Cr C(14) 132.6(7)
C(12)C(13)Cr C(15) 104.2(5)
C(12)C(13)Cr B 66.1(5)
(1) (2) (3) (4)
C(12)C(13)C(14)C(15)
C(13)Cr C(11)B
C(13)Cr C(14)C(15)
C(13)Cr C(15)C(14)
C(13)Cr C(15)B
C(13)Cr B C(15)
C(13)C(12)Cr C(14)
C(13)C(12)Cr C(15)
C(13)C(12) Cr B
C(13) C (12) C (11)B
C(13)C(14)Cr C(15)
C(13)C(14)Cr B
C(13)C(14)C(15)B
C(14)Cr C(11)B
C(14)Cr C(15)B
C(14)Cr B C(15)
C(14)C(13)Cr C(1S)
C(14)C(13)Cr B
C(14)C(15)Cr B
C(15)Cr C(11)B
C(15)C(14)Cr B
The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
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(cont)
angle
1(1)
101.5 (5)
-132.7(7)
28.6(4)
-101.3 (5)
66.4(4)
-28.6(4)
-64.4(5)
-101.9 (5)
0(1)
132.7 (7)
101.8 (5)
1(1)
65.4(4)
-129.9 (6)
29.7(4)
-28.4(4)
-66.5(5)
129.9 (6)
29.1(4)
-31.0(4)
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(*)footnote
The ADC (atom designator code) specifies the position of an atom
in a crystal. The 5-digit number shown in the table is a composite of
three one digit numbers and one two digit number: TA(lst digit) +
TB(2nd digit) + TC(3rd digit) + SN(4th and 5th digit). TA, TB, & TC
are the crystal lattice translation digits along cell edges a, b, and
c. A translation digit of 5 indicates the origin unit cell. If TA-4,
this indicates a translation of one unit cell length along the a axis
in the negative direction. Each translation digit can range in value
from 1 to 9 and thus (+/-)4 lattice translations from the origin
(TA-5,TB-5,TC-5) can be represented.
The SN or symmetry operator number refers to the number of the symmetry
operator used to generate the coordinates of the target atom. A list of
the symmetry operators relevant to this structure are given below.
For a given intermolecular contact, the first atom (origin atom) is
located in the origin unit cell (TA-5,TB-5,TC-5) and its position can
be generated using the identity operator (SN-I). Thus, the ADC for an
origin atom is always ADC-55501. The position of the second atom
(target atom) can be generated using the ADC and the coordinates of
that atom in the parameter table. For example, an ADC of 47502
refers to the target atom moved through operator two, then translated
-1 cell translations along the a axis, +2 cell translations along the
b axis, and 0 cell translations along the c axis.
An ADC of 1 indicates an intermolecular contact between two fragments
(i.e.cation and anion) that reside in the same asymmetric unit.
Symmetry Operators:
( ) +X , +Y , +Z ( 2) 1/2+X ,1/2-Y , -Z
( 3) -X ,1/2+Y ,1/2-Z ( 4) 1/2-X , -Y ,1/2+Z
5) -X , -Y , -Z ( 6) 1/2-X ,1/2+Y , +Z
( 7) +X ,1/2-Y ,1/2+Z ( 8) 1/2+X , +Y ,1/2-Z
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(*)footnote
The ADC (atom designator code) specifies the position of an atom
in a crystal. The 5-digit number shown in the table is a composite of
three one digit numbers and one two digit number: TA(lst digit) +
TB(2nd digit) + TC(3rd digit) + SN(4th and 5th digit). TA, TB, & TC
are the crystal lattice translation digits along cell edges a, b, and
c. A translation digit of 5 indicates the origin unit cell. If TA-4,
this indicates a translation of one unit cell length along the a axis
in the negative direction. Each translation digit can range in value
from 1 to 9 and thus (+/-)4 lattice translations from the origin
(TA-5,TB=5,TC-5) can be represented.
The SN or symmetry operator number refers to the number of the symmetry
operator used to generate the coordinates of the target atom. A list of
the symmetry operators relevant to this structure are given below.
For a given intermolecular contact, the first atom (origin atom) is
located in the origin unit cell (TA=5,TB-5,TC=5) and its position can
be generated using the identity operator (SN=I). Thus, the ADC for an
origin atom is always ADC=55501. The position of the second atom
(target atom) can be generated using the ADC and the coordinates of
that atom in the parameter table. For example, an ADC of 47502
refers to the target atom moved through operator two, then translated
-1 cell translations along the a axis, +2 cell translations along the
b axis, and 0 cell translations along the c axis.
An ADC of 1 indicates an intermolecular contact between two fragments
(i.e.cation and anion) that reside in the same asymmetric unit.
Symmetry Operators:
( 1) +X, +Y , +Z ( 2) 1/2+X ,1/2-Y , -Z
( 3) -X ,1/2+Y ,1/2-Z ( 4) 1/2-X , -Y ,1/2+Z
5) -X , -Y , -z ( 6) 1/2-X ,1/2+Y , +Z
7) +X ,1/2-Y ,1/2+Z ( 8) 1/2+X , +Y ,1/2-Z
C4 CS C16
B
N
C6
C10
C13
1C15
C1Z
03
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C3
C14
C9
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INTRODUCTION
This particular structure posed no difficulties in
solution and refinement. Unlike the previous stucture
(phosphine) this structure is centric and therefore if the
molecule is chiral the crystal was racemic.
The disclaimer concerning tables in the report for Mr.
Hoic maintains in this report as well.
EXPERIMENTAL
DATA COLLECTION
A red-brown plate crystal of C16H14BNO3Cr having
approximate dimensions of 0.340 X 0.220 X 0.080 mm was
mounted on a glass fiber. All measurements were made on an
Enraf-Nonius CAD-4 diffractometer with graphite
monochromated Mo Ka radiation.
Cell constants and an orientation matrix for data
collection, obtained from a least-squares refinement using
the setting angles of 16 carefully centered reflections in
the range 12.00 < 2j < 18.00 corresponded to a monoclinic
cell with dimensions:
a = 9.116 (3)6
b = 7.538 (3)e b = 96.63 (3)
c = 21.969 (8)e
V = 1500 (2)63
For Z = 4 and F.W. = 331.10, the calculated density is 1.466
g/cm3. Based on the systematic absences of:
hOl: h+l # 2n
OkO: k 2n
and the successful solution and refinement of the structure,
the space group was determined to be:
P21/n (#14)
The data were collected at a temperature of -86 Y -C
using the w-2j scan technique to a maximum 2j value of
44.9 . Omega scans of several intense reflections, made
prior to data _collection, had an average_ width at
half-height of 0.24 with a take-off angle of 2.8 . Scans of
(0.80 +_ 0.35 tan j) were made at speeds ranging from 1.9
to 16.5 /min (in omega). Moving-crystal moving counter
background measurements were made by scanning an additional
25% above and below the scan range. The counter aperture
consisted of a variable horizontal slit with a width ranging
from 2.0 to 2.5 mm and a vertical slit set to 2.0 mm. The
diameter of the incident beam collimator was 0.7 mm and the
crystal to detector distance was 21 cm. For intense
reflections an attenuator was automatically inserted in
front of the detector.
46
DATA REDUCTION
Of the 2282 reflections which were collected, 2127 were
unique (Rint = .060); equivalent reflections were merged.
The intensities of three representative reflections which
were measured after every 60 minutes of X-ray exposure time
remained constant throughout data collection indicating
crystal and electronic stability (no decay correction was
applied).
The linear absorption coefficient for Mo Ka is 7.5
cm-1. An empirical absorption correction, using the program
DIFABS3, was applied which resulted in transmission factors
ranging from 0.89 to 1.10. The data were corrected for
Lorentz and polarization effects. A correction for secondary
extinction was applied (coefficient = 0.15325E-06).
STRUCTURE SOLUTION AND REFINEMENT
The structure was solved by a combination of the
Patterson method and direct methods4. The non-hydrogen atoms
were refined anisotropically. The final cycle of full-matrix
least-squares refinement5 was based on 1239 observed
reflections (I > 3.00s(I)) and 200 variable parameters and
converged (largest parameter shift was 0.00 times its esd)
with unweighted and weighted agreement factors of:
R = S IFol - IFcll / S IFol = 0.053
Rw = [( S w (IFol - IFc|)2 / S w Fo2 )11/2 = 0.046
The standard deviation of an observation of unit
weight6 was 1.52. The weighting scheme was based on counting
statistics and included a factor (p = 0.01) to downweight
the intense reflections. Plots of S w (IFol - IFcI)2 versus
IFol, reflection order in data collection, sin j/l , and
various classes of indices showed no unusual trends. The
maximum and minimum peaks on the final difference Fourier
map corresponded to 0.46 and -0.36 e-/63, respectively.
Neutral atom scattering factors were taken from Cromer
and Waber7. Anomalous dispersion effects were included in
Fcalc8; the values for Df' and Df" were those of Cromer9.
All calculations were performed using the TEXSAN10
crystallographic software package of Molecular Structure
Corporation.
47
References
(1) PLUTO:
Motherwell,S. & Clegg,W.; PLUTO. Program for plotting
molecular and crystal structures. Univ. of Cambridge,
England (1978).
(2) ORTEP:
Johnson,C.K.; ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory, Oak Ridge, Tennessee (1976).
(3) DIFABS:
Walker & Stuart, Acta Cryst. A39, 158-166, (1983).
(4) Structure Solution Methods:
PHASE
Calbrese,J.C.; PHASE - Patterson Heavy Atom Solution
Extractor. Univ. of Wisconsin-Madison, Ph.D. Thesis
(1972).
DIRDIF
Beurskens,P.T.; DIRDIF: Direct Methods for
Difference Structures - an automatic procedure
for phase extension and refinement of difference
structure factors. Technical Report 1984/1
Crystallography Laboratory, Toernooiveld, 6525 Ed
Nijmegen, Netherlands.
(5) Least-Squares:
Function minimized: S w (IFol - FcI)2
where: w = 4Fo2/s2(Fo2)
s2(Fo2) = [S2(C+R2B) + (pFo2)2]/Lp2
S = Scan rate
C = Total Integrated Peak Count
R = Ratio of Scan Time to
background counting time.
B = Total Background Count
Lp = Lorentz-polarization factor
p = p-factor
(6) Standard deviation of an observation of unit weight:
[S w( Foj - IFcl)2/(No - Nv)]l/2
where: No = number of observations
Nv = number of variables
(7) Cromer,D.T. & Waber,J.T.; "International Tables
for X-ray Crystallography", Vol. IV, The Kynoch
Press, Birmingham, England, Table 2.2 A (1974).
(8) Ibers,J.A. & Hamilton,W.C.; Acta Crystallogr.,
17, 781 (1964).
(9) D.T. Cromer, "International Tables for X-ray
48
49
Crystallography", Vol/ IV, The Kynoch Press,
Birmingham, England, Table 2.3.1 (1974).
(10) TEXSAN - TEXRAY Structure Analysis Package,
Molecular Structure Corporation (1985).
50
EXPERIMENTAL DETAILS
A. Crystal Data
Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions (mm)
Crystal System
No. Reflections Used for Unit
Cell Determination (2j range)
Omega Scan Peak Width
at Half-height
Lattice Parameters:
Space Group
Z value
Dcalc
F000
g (MoKa)
Diffractometer
Radiation
Temperature
Attenuator
Take-off Angle
C16H14BN03Cr
331.10
red-brown, plate
0.340 X 0.220 X 0.080
monoclinic
16 ( 12.0 - 18.0 )
0.24
a = 9.116 (3)4
b = 7.538 (3)4
c = 21.969 (8)4
b = 96.63 (3)
V = 1500 (2)43
P21/n (#14)
4
1.466 g/cm3
680
7.52 cm-1
B. Intensity Measurements
Enraf-Nonius CAD-4
MoKa (1 = 0.71069 )
-86 C
Zr foil, (factor = 17.9:
2.8
Detector Aperture 2.0 - 2.5 mm horizontal
2.0 mm vertical
Crystal to Detector Distance 21 cm
Scan Type w-2j
Scan Rate 1.9 - 16.5 /min (in omega)
Scan Width (0.80 + 0.35 tanj)
2jmax 44.9
No. of Reflections Measured Total: 2282
Unique: 2127 (Rint = .06C
Corrections Lorentz-polarization
Absorption
(trans. factors: 0.89 - 1
Secondary Extinction
(coefficient: 0.15325E-
C. Structure Solution and Refinement
Structure Solution Patterson Method
Refinement Full-matrix least-squares
Function Minimized S w (IFol - FcI)2
Least-squares Weights 4Fo2/s2(Fo2)
p-factor 0.01
Anomalous Dispersion All non-hydrogen atoms
No. Observations (I>3.00s(I)) 1239
No. Variables 200
Reflection/Parameter Ratio 6.20
Residuals: R; Rw 0.053; 0.046
Goodness of Fit Indicator 1.52
Max Shift/Error in Final Cycle 0.00
Maximum Peak in Final Diff. Map 0.46 e-/e3
Minimum Peak in Final Diff. Map -0.36 e-/e3
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Intramolecular Distances Involving the Nonhydrogen Atoms
atom atom distance atom atom distance
Cr C(1) 2.275(7) N B 1.53(1)
Cr C(2) 2.231(8) C(1) C(2) 1.40(1)
Cr C(3) 2.222(7) C(1) B 1.47(1)
Cr C(4) 2.223(7) C(2) C(3) 1.41(1)
Cr C(5) 2.259(7) C(3) C(4) 1.40(1)
Cr C(13) 1.800(9) C(4) C(5) 1.412(9)
Cr C(14) 1.823(8) C(5) B 1.50(1)
Cr C(15) 1.817(8) C(6) C(7) 1.47(1)
Cr B 2.294(8) C(7) C(8) 1.406(9)
0(1) C(13) 1.177(9) C(7) C(9) 1.385(9)
0(2) C(14) 1.169(8) C(8) C(12) 1.38(1)
0(3) C(15) 1.160(8) C(9) C(10) 1.38(1)
N C(6) 1.297(9) C(10) C(11) 1.38(1)
N C(16) 1.464(9) C(11) C(12) 1.37(1)
Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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Intermolecular Distances Involving the Nonhydrogen Atoms
atom atom distance ADC(*) atom atom distance ADC(*)
0(1) C(2) 3.442(9) 56501 0(3) C(11) 3.35(1) 64501
0(1) C(8) 3.467(9) 56503 0(3) 0(3) 3.51(1) 3
0(1) C(12) 3.550(9) 56503 0(3) C(15) 3.535(9) 3
0(2) C(3) 3.479(9) 2 0(3) C(10) 3.58(1) 64501
0(2) C(10) 3.48(1) 64501 0(3) C(1) 3.582(9) 3
0(2) C(16) 3.55(1) 54502 C(8) C(11) 3.48(1) 46503
0(2) C(4) 3.570(9) 2 C(10) C(14) 3.57(1) 46501
0(2) N 3.573(8) 65501 C(16) B 3.50(1) 45502
0(3) C(6) 3.346(9) 3
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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(*)footnote
The ADC (atom designator code) specifies the position of an atom
in a crystal. The 5-digit number shown in the table is a composite 
three one digit numbers and one two digit number: TA(lst digit) +
TB(2nd digit) + TC(3rd digit) + SN(4th and 5th digit). TA, TB, & TC
are the crystal lattice translation digits along cell edges a, b, anc
c. A translation digit of 5 indicates the origin unit cell. If TA-=
this indicates a translation of one unit cell length along the a ax:
in the negative direction. Each translation digit can range in value
from 1 to 9 and thus (+/-)4 lattice translations from the origin
(TA-5,TB-5,TC-5) can be represented.
The SN or symmetry operator number refers to the number of the symmet
operator used to generate the coordinates of the target atom. A list
the symmetry operators relevant to this structure are given below.
For a given intermolecular contact, the first atom (origin atom) is
located in the origin unit cell (TA-5,TB-5,TC-5) and its position car
be generated using the identity operator (SN-1). Thus, the ADC for 
origin atom is always ADC=55501. The position of the second atom
(target atom) can be generated using the ADC and the coordinates of
that atom in the parameter table. For example, an ADC of 47502
refers to the target atom moved through operator two, then translatec
-1 cell translations along the a axis, +2 cell translations along the
b axis, and 0 cell translations along the c axis.
An ADC of 1 indicates an intermolecular contact between two fragments
(i.e.cation and anion) that reside in the same asymmetric unit.
Symmetry Operators:
( 1) +X , +Y , +Z ( 2) 1/2-X ,1/2+Y ,1/2-Z
( 3) -X , -Y , -z ( 4) 1/2+X ,1/2-Y ,1/2+Z
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Intramolecular Distances Involving the Hydrogen Atoms
atom atom distance atom atom distance
C(1) H(1) 0.994 C(9) H(8) 0.988
C(2) H(2) 0.985 C(10) H(9) 0.983
C(3) H(3) 0.987 C(11) H(10) 0.981
C(4) H(4) 1.004 C(12) H(11) 0.991
C(5) H(5) 0.978 C(16) H(12) 0.964
C(6) H(6) 0.982 C(16) H(13) 0.974
C(8) H(7) 0.982 C(16) H(14) 0.962
Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.
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Intermolecular Distances Involving the Hydrogen Atoms
atom atom distance ADC(*) atom atom distance ADC(*)
Cr H(9) 3.507 64501 C(2) H(13) 3.347 54501
0(1) H(2) 2.675 56501 C(2) H(14) 3.427 44502
0(1) H(7) 2.782 56503 C(3) H(5) 3.235 54502
0(1) H(11) 2.944 56503 C(3) H(14) 3.287 44502
0(1) H(4) 3.057 2 C(3) H(4) 3.291 54502
0(1) H(3) 3.127 56501 C(3) H(13) 3.527 54501
0(1) H(9) 3.371 65501 C(3) H(9) 3.538 64501
0(2) H(13) 3.009 54502 C(4) H(3) 2.891 2
0(2) H(9) 3.062 64501 C(4) H(8) 2.940 44502
0(2) H(14) 3.102 65501 C(4) H(14) 3.015 44502
0(2) H(8) 3.106 65501 C(4) H(5) 3.401 54502
0(2) H(12) 3.134 54502 C(S) H(8) 2.828 44502
0(2) H(3) 3.225 2 C(5) H(14) 2.869 44502
0(2) H(5) 3.334 54502 C(5) H(3) 3.008 2
0(2) H(4) 3.415 2 C(5) H(4) 3.423 2
0(2) H(11) 3.466 56503 C(5) H(9) 3.546 44502
0(2) H(10) 3.508 64501 C(6) H(2) 3.273 56501
0(3) H(6) 2.416 3 C(7) H(2) 3.063 56501
0(3) H(10) 2.662 64501 C(8) H(2) 2.956 56501
0(3) H(1) 2.849 3 C(8) H(1) 3.397 56501
0(3) H(11) 3.010 56503 C(9) H(5) 3.298 45502
0(3) H(9) 3.111 64501 C(9) H(11) 3.476 46503
0(3) H(7) 3.131 3 C(9) H(12) 3.486 45502
N H(13) 3.559 44502 C(10) H(S) 3.321 45502
C(1) H(14) 3.291 44502 C(10) H(7) 3.569 46503
C(1) H(12) 3.326 44502 C(11) H(1) 3.240 56501
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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Intermolecular Distances Involving the Hydrogen Atoms (cont)
atom atom distance ADC(*) atom atom distance ADC(*)
C(11) H(10) 3.309 47503 H(3) H(5) 2.596 54502
C(12) H(1) 3.056 56501 H(3) H(9) 3.161 64501
C(12) H(10) 3.584 47503 H(3) H(13) 3.494 54501
C(13) H(11) 2.913 56503 H(4) H(8) 2.916 44502
C(13) H(4) 3.016 2 H(4) H(5) 2.920 54502
C(13) H(7) 3.531 56503 H(4) H(9) 3.504 44502
C(14) H(9) 2.886 64501 H(4) H(14) 3.518 44502
C(14) H(3) 3.135 2 H(5) H(8) 2.722 44502
C(14) H(4) 3.234 2 H(5) H(9) 2.814 44502
C(14) H(11) 3.274 56503 H(5) H(14) 3.277 44502
C(14) H(5) 3.364 54502 H(6) H(10) 3.396 46503
C(14) H(10) 3.573 64501 H(7) H(9) 3.530 46503
C(15) H(9) 2.936 64501 H(8) H(12) 3.292 45502
C(15) H(11) 2.968 56503 H(10) H(10) 2.563 47503
C(15) H(10) 3.097 64501 H(10) H(11) 3.144 47503
C(15) H(6) 3.564 3 H(12) H(13) 2.787 44502
C(16) H(13) 3.277 44502 H(12) H(14) 3.303 44502
C(16) H(12) 3.505 45502 H(13) H(14) 3.176 45502
B H(14) 3.001 44502
B H(13) 3.349 44502
B H(12) 3.484 44502
H(1) H(11) 3.304 54501
H(1) H(10) 3.533 54501
H(2) H(7) 2.980 54501
H(2) H(13) 3.162 54501
H(3) H(4) 2.305 54502
Contacts out to 3.60 angstroms. Estimated standard deviations
in the least significant figure are given in parentheses.
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(*)footnote
The ADC (atom designator code) specifies the position of an atom
in a crystal. The 5-digit number shown in the table is a composite of
three one digit numbers and one two digit number: TA(lst digit) +
TE(2nd digit) + TC(3rd digit) + SN(4th and 5th digit). TA, TB, & TC
are the crystal lattice translation digits along cell edges a, b, and
c. A translation digit of 5 indicates the origin unit cell. If TA-4,
this indicates a translation of one unit cell length along the a axis
in the negative direction. Each translation digit can range in value
from 1 to 9 and thus (+/-)4 lattice translations from the origin
(TA=5,TB-5,TC-5) can be represented.
The SN or symmetry operator number refers to the number of the symmetry
operator used to generate the coordinates of the target atom. A list of
the symmetry operators relevant to this structure are given below.
For a given intermolecular contact, the first atom (origin atom) is
located in the origin unit cell (TA-5,TB-5,TC-5) and its position can
be generated using the identity operator (SN-1). Thus, the ADC for an
origin atom is always ADC-55501. The position of the second atom
(target atom) can be generated using the ADC and the coordinates of
that atom in the parameter table. For example, an ADC of 47502
refers to the target atom moved through operator two, then translated
-1 cell translations along the a axis, +2 cell translations along the
b axis, and 0 cell translations along the c axis.
An ADC of 1 indicates an intermolecular contact between two fragments
(i.e.cation and anion) that reside in the same asymmetric unit.
Symmetry Operators:
( 1) +X, +Y , +Z ( 2) 1/2-X ,1/2+Y ,1/2-Z
(3) -X , -Y , -Z ( 4) 1/2+X ,1/2-Y ,1/2+Z
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms
atom
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(4)
C(4)
C(4)
C(4)
C(4)
atom
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
atom
C(2)
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(5)
C(13)
C(14)
C(15)
B
angle
36.2(3)
66.1(3)
78.8 (3)
68.3 (3)
103.9(3)
167.6 (3)
94.4 (3)
37.6(3)
37.0(3)
66.6(3)
79.5 (3)
139.1(3)
133.0(3)
86.0(3)
66.7(3)
36.6(3)
66.5(3)
160.5(3)
101.6(3)
106.7(3)
78.9(3)
36.7(2)
127.4 (3)
90.8(3)
142.3 (3)
67.3 (3)
atom
C(5)
C(5)
C(5)
C(5)
C(13)
C(13)
C(13)
C(14)
C(14)
C(15)
C(6)
C(6)
C(16)
Cr
Cr
C(2)
Cr
Cr
C(1)
Cr
Cr*
C(2)
Cr
Cr
C(3)
Cr
atom
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
N
N
N
C(1)
C(1)
C(1)
C(2)
C(2)
C(2)
C(3)
C(3)
C(3)
C(4)
C(4)
C(4)
C(5)
atom
C(13)
C(14)
C(15)
B
C(14)
C(15)
B
C(15)
B
B
C(16)
B
B
C(2)
B
B
C(1)
C(3)
C(3)
C(2)
C(4)
C(4)
C(3)
C(5)
C(5)
C(4)
angle
94.4 (3)
107.0(3)
162.6 (3)
38.6(3)
87.6(4)
90.3 (4)
83.3(3)
89.9(3)
142.8 (3)
126.0 (3)
122.1(7)
119.3 (6)
118.6 (6)
70.2(4)
71.9(4)
120.0 (7)
73.7(4)
71.1 (4)
121.3 (7)
71.8(4)
71.7(4)
120.8 (7)
71.6(4)
73.0(4)
122.0(7)
70.3 (4)
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Nonhydrogen Atoms (cont)
atom atom atom angle atom atom atom angle
Cr C(5) B 72.0(4)
C(4) C(5) B 118.3(7)
N C(6) C(7) 129.5(7)
C(6) C(7) C(8) 116.3(6)
C(6) C(7) C(9) 124.3(7)
C(8) C(7) C(9) 119.3(7)
C(7) C(8) C(12) 119.9(7)
C(7) C(9) C(10) 119.9(7)
C(9) C(10) C(11) 120.4(7)
C(10) C(11) C(12) 120.5(8)
C(8) C(12) C(11) 120.0(7)
Cr C(13) 0(1) 178.3(7)
Cr C(14) 0(2) 178.4(7)
Cr C(15) 0(3) 179.6(7)
Cr B N 130.5(5)
Cr B C(1) 70.5(4)
Cr B C(5) 69.4(4)
N B C(1) 121.2(7)
N B C(5) 121.3(7)
C(1) B C(5) 117.5(7)
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Angles Involving the Hydrogen Atoms
atom atom atom angle atom atom atom angle
Cr C(1) H(1) 127.32 C(7) C(8) H(7) 118.83
C(2) C(1) H(1) 119.33 C(12) C(8) H(7) 121.25
B C(1) H(1) 120.53 C(7) C(9) H(8) 120.83
Cr C(2) H(2) 131.13 C(10) C(9) H(8) 119.23
C(1) C(2) H(2) 119.69 C(9) C(10) H(9) 119.48
C(3) C(2) H(2) 118.95 C(11) C(10) H(9) 120.16
Cr C(3) H(3) 130.12 C(10) C(11) H(10) 119.03
C(2) C(3) H(3) 120.12 C(12) C(11) H(10) 120.47
C(4) C(3) H(3) 119.08 C(8) C(12) H(11) 120.57
Cr C(4) H(4) 128.65 C(11) C(12) H(11) 119.38
C(3) C(4) H(4) 119.44 N C(16) H(12) 112.12
C(5) C(4) H(4) 118.51 N C(16) H(13) 111.58
Cr C(5) H(5) 130.75 N C(16) H(14) 112.57
C(4) C(5) H(5) 121.06 H(12) C(16) H(13) 106.38
B C(5) H(5) 120.57 H(12) C(16) H(14) 107.33
N C(6) H(6) 115.44 H(13) C(16) H(14) 106.48
C(7) C(6) H(6) 115.03
Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.
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Torsion or Conformation Angles
(1)
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(1)
0(2)
0(2)
(2) (3)
C(1) C(2)
C(1) B
C(1) B
C(2) C(1)
C(2) C(3)
C(3) C(2)
C(3) C(4)
C(4) C(3)
C(4) C(5)
C(5) C(4)
C(5) B
C(5) B
B N
B N
B C(1)
B C(5)
C(13)Cr
C(13) Cr
C(13)Cr
C(13)Cr
C(13)Cr
C(13)Cr
C(13) Cr
C(13)Cr
C(14) Cr
C(14) Cr
(4)
C(3)
N
C(5)
B
C(4)
C(1)
C(5)
C(2)
B
C(3)
N
C(1)
C(6)
C(16)
C(2)
C(4)
C(1)
C(2)
C(3)
C(4)
C(5)
C(14)
C(15)
B
C(1)
C(2)
angle
55.1(7)
126.2 (7)
-52.8 (6)
-53.8(7)
54.6(7)
-56.3(7)
55.2(6)
-54.6(7)
55.5(6)
-54.6(6)
-125.7(7)
53.3 (6)
53 (1)
-126.8 (7)
53.0(6)
-54.6(6)
65 (27)
76(27)
9(27)
-21(27)
-3(27)
-110(27)
160(27)
34(27)
-178 (23)
156(24)
(1) (2) (3) (4) angle
0(2)
0(2)
0(2)
0(2)
0(2)
0(2)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
0(3)
N
N
N
N
N
N
N
N
N
N
N
N
C (14) Cr
C (14) Cr
C(14)Cr
C(14) Cr
C(14)Cr
C(14) Cr
C (15) Cr
C(15) Cr
C(15) Cr
C(15) Cr
C (15) Cr
C(15) Cr
C (15) Cr
C(15) Cr
C(6) C(7)
C(6) C(7)
B Cr
B Cr
B Cr
B Cr
B Cr
B Cr
B Cr
B Cr
B C(1)
B C(5)
C(3)
C(4)
C(5)
C(13)
C(15)
B
C(1)
C(2)
C(3)
C(4)
C(S)
C(13)
C(14)
B
C(8)
C(9)
C(1)
C(2)
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
C(2)
C(4)
179(24)
-146 (24)
-112 (24)
-18 (24)
72(24)
-94 (24)
-103
-67
-36
-25
-101
153
66
-125
148.0(8)
-36 (1)
-114.9(9)
-143.1(8)
-179.8 (8)
143.7(8)
114.1(9)
8.4(7)
85.5(9)
-77.1(8)
179.3 (6)
179.7(6)
The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
Torsion or Conformation Angles
(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C (1)
(2)
Cr
Cr
Cr
Cr
Cr
Cr
Cr
Cr
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
B
B
B
B
B
B
B
B
B
B
(3)
C(2)
C(3)
C(3)
C(4)
C(4)
C(5)
C(5)
B
Cr
Cr
Cr
Cr
Cr
Cr
Cr
C(3)
Cr
Cr
Cr
Cr
Cr
Cr
Cr
N
N
C(5)
(4)
C(3)
C(2)
C(4)
C(3)
C(5)
C(4)
B
C(5)
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(4)
C(2)
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
C(6)
C(16)
C(4)
angle
-132.2 (7)
28.6(4)
-104.0(5)
64.7(5)
-68.6(4)
100.6(4)
-29.7(4)
131.0(6)
132.2 (7)
103.5(5)
67.4 (5)
-17.1(7)
171.0(4)
-103.0(5)
29.2(4)
-2(1)
-28.2(4)
-64.9(4)
-101.4 (4)
-131.0 (6)
123.3 (5)
-159.6 (5)
37.8(6)
-38(1)
142.9(7)
-1(1)
The sign is positive
wise motion of atom I
if when looking from atom 2 to atom
L would superimpose it on atom 4.
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(cont)
(1)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(2)
C(3)
C(3)
C(3)
C(3)
(2)
Cr
Cr
Cr
Cr
Cr
Cr
Cr
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(1)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
C(3)
Cr
Cr
Cr
Cr
(3)
C(1)
C(3)
C(4)
C(4)
C(5)
C(5)
B
Cr
Cr
Cr
Cr
Cr
Cr
Cr
B
Cr
Cr
Cr
Cr
Cr
Cr
C(4)
C(1)
C(4)
C(5)
C(5)
(4)
B
C(4)
C(3)
C(5)
C(4)
B
C(5)
C(3)
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(5)
C(4)
C(5)
C(13)
C(14)
C(15)
B
C(5)
B
C(5)
C(4)
B
angle
132.7(7)
-132.5 (7)
28.9(4)
-104.4 (5)
64.7(4)
-65.6(4)
102.8 (5)
-29.2(4)
-65.4 (5)
-102.2 (5)
168.5(5)
-32 (2)
77.1(5)
-132.7 (7)
0(1)
132.5 (7)
104.2 (5)
91 (1)
-152.1 (5)
-58.8 (5)
65.8 (5)
1(1)
103.4(5)
-133.3 (6)
28.3(4)
-102.1 (5)
3 a clock-
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Torsion or Conformation Angles (cont)
(1) (2) (3) (4) angle (1) (2) (3) (4) angle
C(3) Cr B C(S) 66.1(4) C(5) Cr C(1) B 30.4(4)
C(3) C(2) Cr C(4) -28.6(4) C(5) C(4) Cr C(13) 30.5(6)
C(3) C(2) Cr C(5) -64.7(5) C(5) C(4) Cr C(14) 118.1(4)
C(3) C(2) Cr C(13) -149.3(5) C(S) C(4) Cr C(15) -151.1(6)
C(3) C(2) Cr C(14) 38.8(6) C(5) C(4) Cr B -31.0(4)
C(3) C(2) Cr C(15) 124.8(5) C(5) B Cr C(13) -105.7(5)
C(3) C(2) Cr B -102.9(5) C(5) B Cr C(14) -28.6(7)
C(3) C(2) C(1) B 1(1) C(S) B Cr C(15) 168.8(4)
C(3) C(4) Cr C(5) 133.2(6) C(S) B N C(6) 141.2(8)
C(3) C(4) Cr C(13) 163.8(5) C(S) B N C(16) -38(1)
C(3) C(4) Cr C(14) -108.6(5) C(6) C(7) C(8) C(12) -178.7(7)
C(3) C(4) Cr C(15) -17.8(8) C(6) C(7) C(9) C(10) -178.8(8)
C(3) C(4) Cr B 102.3(5) C(7) C(6) N C(16) -2(1)
C(3) C(4) C(5) B 1(1) C(7) C(6) N B 178.2(7)
C(4) Cr C(1) B 67.2(4) C(7) C(8) C(12)C(11) -4(1)
C(4) Cr C(S) B -130.3(6) C(7) C(9) C(10)C(11) -1(1)
C(4) Cr B C(5) 29.6(4) C(8) C(7) C(9) C(10) -3(1)
C(4) C(3) Cr C(5) -28.3(4) C(8) C(12)C(11)C(10) 1(1)
C(4) C(3) Cr C(13) -42(1) C(9) C(7) C(8) C(12) 5(1)
C(4) C(3) Cr C(14) 75.3(5) C(9) C(10)C(11)C(12) 1(1)
C(4) C(3) Cr C(15) 168.7(5) C(13)Cr C(1) B -58.8(5)
C(4) C(3) Cr B -66.7(5) C(13)Cr C(S) B 73.6(5)
C(4) C(5) Cr C(13) -156.1(5) C(14)Cr C(1) B 100(1)
C(4) C(5) Cr C(14) -67.3(5) C(14)Cr C(5) B 162.4(5)
C(4) C(S) Cr C(15) 98(1) C(15)Cr C(1) B -150.2(5)
C(4) C(5) Cr B 130.3(6) C(15)Cr C(5) B -32(1)
The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
